Introduction
Clavicle fracture is one of the common fractures encountered in orthopaedic practice. Though conservative treatment is the most commonly employed modality of treatment in fractures of the middle third, certain situations warrant surgery. Open reduction with plate fixation is most popular modality but known to be associated with hardware complications [1] . Less invasive option is intramedullary nailing with elastic nails [2] - [4] . Open reduction with retrograde or antegrade nailing has been well described in the literature with good results [5] . We describe here our experience with outcome of closed nailing of fractures of middle third clavicle.
Materials and Methods
This study was approved by the local ethics committee and informed consent was obtained from all the patients prior to the commencement of the study. This was a prospective study of 34 clavicular fractures treated by closed titanium elastic nail (TEN). Between the period of April 2008 to Dec. 2012, 86 patients with simple mid-shaft clavicle fractures (OTA classification: 15 B1) presented in the casualty [6] out of which 41 patients were treated conservatively, 11 patients with plating and 34 patients were treated with closed elastic titanium nail. All patients with widely displaced fracture fragments and those who refused to conservative treatment were offered operative treatment. Inclusion criteria for TEN were closed or grade I compound mid-shaft clavicle fracture and non-comminuted fractures. All the patients treated with TEN but had associated injuries in the ipsilateral upper limb were excluded from the study. Also, any grossly comminuted fractures, fracture of the medial or lateral end, grade II or more compound injuries or pathological fractures were excluded from the study. All patients reported history of significant trauma ranging from road traffic accident to fall from significant height. The patients included in the study were explained about the procedure and informed consent was obtained. The width of the medullary canal of the clavicle was assessed on the true size AP view at middle third and at one cm. from the either ends of the clavicle. This was to determine the size of the nail to be inserted. As a rule, nail of size 0.5 mm less compared to the canal diameter was selected for insertion.
Surgical Technique
Patient was placed supine. A one cm transverse incision was taken about two cm lateral to the sterno-clavicular joint. A drill hole was made into the anterior cortex using a 2.7 mm drill bit and the medullary canal was entered using awl. A preselected size of TEN was advanced along the medullary canal unto the fracture site under image intensifier control. The fracture was reduced by closed method and the nail advanced across the fracture site into the lateral fragment. Continuous visualization under image intensifier using antero-posterior and oblique views aided advancement of the nail. The bend tip of the nail was rotated to negotiate the entry into the lateral fragment. The nail was advanced only when the surgeon was absolutely sure that it has engaged the lateral fragment. The medial end of the nail was bent and buried in the soft tissue to facilitate easy removal at a later date ( Figure  1, Figure 2 ). All patients were discharged on the next day after the operation. Sutures were removed after two weeks.
The operated arm was supported in an arm-sling support for four weeks. Intermittent pendulum movement was started after two weeks and range of shoulder movement was started after six weeks.
All patients were followed up after every two weeks. At every visit they were assessed for pain using VAS score. Similarly functional assessment was made using Constant-Murley score for shoulder at 12 months. The radiographs were taken at monthly interval to assess status of union. Patients were also assessed for any complications like infection, hardware related problems etc.
The statistical analysis was carried out using SPSS 16.0 and MS Excel 2003. Statistical analyses tested the null hypotheses of no differences in patients treated at 95% significance level (P < 0.05).
Results
The demographic data is presented in Table 1 . The mean age of the patients was 38.6 years. Of the total 34 patients 26 were male and 8 were female patients. The mean operative time was 34.3 min. The average length of the incision was 1.62 cms. The average time of discharge was 1.65 days. The minimum length of follow up was 12 months, with average of 13.2 months and range of 12 to 15 months. The mean time for radiological union was 10.23 weeks. The mean Constant-Murley score was 94.28 at 12 months indicating excellent outcome. The average VAS score at discharge was 3.63 which decreased to 0.43 at union when active mobilization had commenced ( Table 2 ). There were no major intraoperative or postoperative complications noted. One patient complained of prominent hardware at the medial end of the clavicle. The nail was removed under short general anaesthesia after 8 months postoperatively. Also, one patient had superficial infection at the entry site of the nail which healed with oral antibiotics. All patients returned to their pre-injury activity at the end of 6 months.
Discussion
Most of the middle third clavicle fractures are treated conservatively with operative treatment reserved for compound or impending compound fractures, polytrauma patients or non-unions [6] . Though the union rate is satisfactory, wearing brace for weeks together is cumbersome and at times lead to non-compliance of the patients. Most common operative option sought for fixation of clavicular fractures is plate fixation [1] [7] . Though quality of reduction and fixation is good it involves an ugly scar and more chances of hardware problems. A very attractive solution for middle third fractures is intramedullary nail fixation. This modality fulfills most of the desired goals of clavicle fixation. It restores the length and alignment of the bone in the least invasive fashion. The operative time is reduced, intraoperative bleeding is reduced, postoperative pain is less and rehabilitation is faster [3] [8]- [10] .
Various techniques of intramedullary nail fixation have been reported in literature. Some advocate insertion of the nail from the fracture site while some advocate medial entry [2] [3] [5] . Most studies advocate open reduction of the fragments [3] [5] . This is probably to avoid any damage to important neurovascular structures and the pleura. Though we do not deny the fact of a possible injury to important structures we believe it can be avoided by meticulous technique. In this paper TEN with a T-handle was used to advance the nail. The TEN has a blunt and curved advancing end which prevents inadvertent injury to vital structures. We also advocate gentle controlled tap of the nail as it passes across the fracture site than vigorous longitudinal uncontrolled push. Similarly [15] . Our results are comparable to this study. Yih-Shuinn-Lee et al. in their paper compared plate fixation with Knowles pin fixation and noted operative time of 27 min, shoulder score of 95 and union time of 6 months with pin fixation which is comparable to our study [2] . Similarly Jamal E.H. Assobhi in his paper comparing pin fixation with plate fixation noted operative time of 44 min and hospital stay of 1.4 days with pin fixation which is similar to the findings of this study [3] .
There are certain limitations of the study. This is not a comparative study but we believe that it has been proved in the literature that fixation by nail yields superior results when compared to plate fixation in terms of cosmesis and hardware complications. The main aim of this paper was to present the results of technique of closed reduction and nail fixation. We also agree that the sample size is small. The follow up may be relatively short especially to assess the hardware problems. But we believe that hardware problems if were to occur after union can be easily tackled by removal of nail which is as less invasive as primary surgery.
Lastly we would also like add a word of caution. Though no complications were encountered in this study there always remains a risk of injury to vital mediastinal structures. One should have a very low threshold to open the fracture for reduction in case closed reduction is difficult.
Conclusion
Closed Titanium elastic nailing is a good alternative modality of fixation in simple, non-comminuted fractures of middle third of clavicle. It is less invasive surgery and yields comparable functional outcomes.
